
The first speaker is Mayly Sanchez
ANNIE and the Future of Hybrid Neutrino Detectors



Mayly Sanchez - Iowa State University - 
for the ANNIE Collaboration

ANNIE and the 
Future of Hybrid 
Neutrino Detectors
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• ANNIE can be the first step in the 
development of hybrid (Cherenkov 
plus Scintillation) optical detectors 
by replacing the current 
gadolinium-water target with 
Water-based Liquid Scintillator 
(WbLS) and increasing the 
coverage of LAPPDs offering new 
detection capabilities. 


• This is a critical step towards 
demonstrating the power of hybrid 
detectors for a new generation of 
far detectors in long-baseline 
neutrino oscillation experiments 
and observatories for low-energy 
neutrinos.

WbLS



Thank you for your town hall contribution. 

The next speaker is Doojin Kim
Detecting keV-range super-light dark matter using 

graphene Josephson junction



Detecting keV-Range Super-Light Dark Matter 
Using Graphene Josephson Junction (GJJ)

Doojin Kim [doojin.kim@tamu.edu], Texas A&M University
DK, J.-C. Park, K. C. Fong, G.-H. Lee, 

PRL under review, arXiv:2002.07821

Future plan & further applications
o First keV-scale DM detection experiment using the pre-fabricated sample devices
o Applications to detecting meV-scale dark photon/axion by absorption and observing cosmic neutrino background

� GJJ DM detector improving the minimum detectable mass by more 
than 3 orders of magnitude over the ongoing/existing experiments
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Sensitivity to E ~ 0.1 meV energy deposit demonstrated experimentally 
[Nature 586 (2020) 42, arXiv:1909.05413]

GJJ DM detector capable of detecting DM with its mass being greater than 
m ~ 0.1 keV
Scattering between DM moving in 3D space and free electrons confined 
in 2D graphene layer – signal rate depending on the DM direction

mailto:doojin.kim@tamu.edu
https://arxiv.org/pdf/2002.07821.pdf


Thank you for your town hall contribution. 

The next speaker is Rebeca Gonzalez Suarez 
Searches for Long-Lived Particles at the FCC-ee



Searches for Long-Lived Particles at the FCC-ee
▸Author: Rebeca Gonzalez Suarez 
▸Co-author: Patrizia Azzi

possible first step towards FCC-hh
Large Energy range (Z, W, tt, H)

FCC-ee e+e- circular collider
Higgs, EW, top and Flavor factory

Not only a precision tool!
Many BSM Opportunities

Dark Matter, 
Baryon Asymmetry 

of the Universe, 
Neutrino Masses

Unusual
signatures 

Innovative 
experimental 

solutions   

Long-Lived particles!
(e.g: Heavy Neutral Leptons, Axion-Like-Particles)

LoI



Thank you for your town hall contribution. 

The next speaker is David Hertzog
Testing Lepton Flavor Universality and CKM Unitarity 

with Rare Pion Decays



PiENuXE: Testing Lepton Flavor Universality and CKM Unitarity
with Rare (stopped) Pion Decays – David Hertzog (UW)*

• Goals
• Improve e/P universality and CKM unitarity tests by an order of magnitude
• Measure SÆeQ/SÆPQ to ±0.015%, matching SM theory precision
• Measure pion beta decay rate to ±0.06% 

• Leads to Vus/Vud constraint to < 0.1%

• Motivation drawn from
• Possibly related tensions from (g-2)P,e, CKM unitarity, and B decays 
• Possibility that the apparent violation of CKM unitarity is a manifestation of Lepton 

Flavor Universality Violation (LFUV). (PhysRevLett.125.111801, Sept 2020) 

• Precise theory, experiments far behind in comparable precision

• How
• Next-gen design based on real-world lessons from PEN and PiENu
• 28X0 LXe/SiPM – fast, high resolution, x10 smaller low-energy tail
• Mu3e style silicon trackers – event reconstruction at high rates
• Pixelated target, customized for LFUV or PiBeta (separate) runs

*Group just now forming; Please contact us (hertzog@uw.edu) or others on LOI signatory list.  22 Institutes, (27 experimentalist; 5 theorists).

LXe



Thank you for your town hall contribution. 

The next speaker is Sebastian Ellis
Heterodyne Detection of Axion Dark Matter via 

Superconducting Cavities



HETERODYNE DETECTION OF AXION DARK MATTER VIA SUPERCONDUCTING CAVITIES
A. Berlin, R. T. D’Agnolo, SARE, C. Nantista, J. Neilson, P. Schuster, S. Tantawi, N. Toro, K. Zhou

Thematic Areas: (CF2) Dark Matter: Wavelike, (AF5) Accelerators for PBC and Rare Processes

Up-conversion of oscillating background B-field by axion DM to signal cavity mode

JHEP 07 (2020) 088 
hep-ph/1912.11048

Thermal-limited reach enhanced compared with 
LC resonators: signal and exp. volume matched
SNR
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• High Q-factor, cryo temp of SRF cavities 

• Signal matched to cavity resonance by deformations of walls 

• Noise estimates derived from MAGO prototype & DarkSRF 

• MAGO mode isolation ~ 140 dB, DarkSRF wall control ~ 1/1010 

• R&D required: cavity design, control, loading & readout
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Thank you for your town hall contribution. 

The next speaker is Marcela Carena
Towards Future Discoveries at the Energy Frontier



Marcela Carena
Fermilab and U. Chicago

Towards Future Discoveries at the Energy Frontier

10/05/20201

What is next?

Higgs boson decaying into two muons



Thank you for your town hall contribution. 

The next speaker is Philip Harris
DarkQuest and LongQuest at the 120~GeV Fermilab 

Main Injector
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Thank you for your town hall contribution. 

The next speaker is Marcel Demarteau
 Perspective on a Unified US Particle Physics 

Program



11

Invitation of ORNL to the HEP community
• The Spallation Neutron Source is the brightest, background free, 

neutrino source from pion decay at rest: discovered CEvNS in 2017. 

• SNS is the leader in the high-power accelerator frontier: 2.8MW 
proton driver by 2025; Second Target Station (~2030) will be a 
unique neutrino source. 

• The High Flux Isotope Reactor (HFIR) provides a continuous neutrino 
source of single flavor from pure U-235 reactor fuel.   

• Two upgrades of HFIR being considered to enable dedicated 
fundamental physics laboratories that could have a transformative 
impact on the field of fundamental physics. 

• Using the SNS infrastructure a muon spin resonance and single 
event radiation research facility being considered: 1.9 x 108 µ+/s

• The Material Plasma Exposure eXperiment (MPEX) facility will 
measure materials up to 50 DPA, ion flux 1024-1025 m-2s-1, 40MW/m2

• ORNL provides great opportunities to create a healthy and vibrant 
HEP program through a balance of small and large projects. 
Together we are stronger ! 

First Target 
Station 

Future Second Target Station 

Muon Research Facility

REPORT OF THE BASIC ENERGY SCIENCES ADVISORY COMMITTEE

The Scienti!c Justi!cation for a 

U.S. Domestic High-Performance  
Reactor-Based Research Facility

BESAC Report July, 2020

Material Plasma 
Exposure eXperiment

High Flux Isotope Reactor



Thank you for your town hall contribution. 

The next speaker is Brian Nord
Culture change is necessary, and it requires strategic 

planning
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https://www.snowmass21.org/docs/files/summaries/CommF/SNOWMASS21-CommF1_CommF6_brian_nord_new-056.pdf
https://changenowphysics.com/wp-content/uploads/2020/08/ChangeNowAtFermilab_08182020.pdf


Thank you for your town hall contribution. 

The next speaker is Kelly Stifter
Snowmass as a path towards cultural change, and 

the role of collaborations
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https://www.aip.org/diversity-initiatives/team-up-task-force
https://www.nationalacademies.org/our-work/sexual-harassment-in-academia
https://www.nationalacademies.org/our-work/sexual-harassment-in-academia
https://aas.org/sites/default/files/2019-09/LGBTInclusivityPhysicsAstronomy-BestPracticesGuide2ndEdn_small.pdf
https://changenowphysics.com/
https://www.aps.org/programs/innovation/fund/idea.cfm
https://www.snowmass21.org/docs/files/summaries/CommF/SNOWMASS21-CommF3_CommF0_Matthew_Szydagis-042.pdf
https://www.snowmass21.org/docs/files/summaries/CommF/SNOWMASS21-CommF3_CommF0_Erica_Smith-064.pdf
https://journals.aps.org/prper/abstract/10.1103/PhysRevPhysEducRes.15.010121
https://journals.aps.org/prper/abstract/10.1103/PhysRevPhysEducRes.15.010121
https://www.aip.org/diversity-initiatives/team-up-task-force
https://www.aip.org/diversity-initiatives/team-up-task-force
https://www.aip.org/diversity-initiatives/team-up-task-force


Thank you for your town hall contribution. 

The next speaker is Sven Vahsen
Gas TPCs with directional sensitivity to dark matter, 

neutrinos, and BSM physics



• Gas TPCs with charge readout via MPGDs have enabled 
directional detection of nuclear recoils and electrons 

• Electron ID for < 10 keVee, 3d fiducialization
• Directionality provides DM / neutrino discrimination
• Long term vision: multi-site observatory 

• Sufficient exposure to 
penetrate neutrino floor

• Maximize directionality 
via negative ion gas mixture 
with Helium

• P=1 atm, T=300 K (!)

• International proto-collaboration formed
• Growing support: funded efforts in EU/Italy/Australia

10/9/20 Snowmass  Community Planning Meeting

• Opportunity for long-term program: new physics opportunities 
for each factor 10 increase in exposure

• Strawman design paper: arXiv:2008.12587, 
focused on DM and neutrinos

• Many new proposals in HEP community that should be explored
• New mediators in CEνNS, Low-mass DM, Up-scattered heavy 

neutrinos and DM, Axion like particles
• New ideas could still have major impact
• Relevant to Cosmic, Neutrino, and Instrumentation Frontiers
• Planning inter-frontier Snowmass CYGNUS Mini-workshop

à brainstorm and seed white paper effort

3D Electronic readout (U. Hawaii)

2D Optical 
readout 
(U. New
Mexico)

F recoil F recoil

electron

5.9 keV

Sven Vahsen, sevahsen@hawaii.edu

CYGNUS Directional nuclear recoil detectors for 
neutrinos, dark matter, and BSM physics

He recoil
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Segmentation

• Migdal Effect measurement

• Coherent Elastic Neutrino-Nucleus 
Scattering (CEνNS) at either NuMI or DUNE 

• Competitive DM limits in SI and SD

• CEνNS from solar neutrinos

• Efficiently penetrating the ν floor

• Observing galactic DM dipole

• Measuring DM particle properties and 
physics

• Geoneutrinos

• WIMP astronomy
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Thank you for your town hall contribution. 

The next speaker is Matthew Citron
Searching for millicharged particles with scintillator 

based detectors



Searching for millicharged particles with 
scintillator-based detectors

milliQan at the LHC with sensitivity for m < ~45 GeV
SUBMET at J-PARC with sensitivity for m < ~1.5 GeV 
Fermini at Fermilab with sensitivity for m < ~5 GeV

Proposed detectors:

+ possible detector at proposed FPF

Detector design: multiple 
layer scintillator bar array

 

 

LOI: use data from the successful milliQan 
prototype to update these projections with 
full consideration of backgrounds and 

realistic performance as well as propose 
fundamental improvements to the detector

Small scintillator-based 
prototype detector at the LHC

Matthew Citron mcitron@ucsb.edu

Demonstrator results 
published in PRD: 

PhysRevD.102.032002
1812.03998
1607.04669

2007.06329

(37.5/fb)



Thank you for your town hall contribution. 

The next speaker is Holger Mueller
Alpha: Measurement of the fine structure constant as 

test of the Standard Model





Thank you for your town hall contribution. 

The next speaker is Harvey Newman
Future Information and Communications 

Technologies for HL-LHC Era: Beyond CMOS and 
Beyond the Shannon Limit





Thank you for your town hall contribution. 

The next speaker is Marianna Safronova
Atomic/nuclear clocks and precision spectroscopy 

measurements for dark matter and dark sector 
searches



Atomic/nuclear Clocks and Precision Spectroscopy Measurements for 
Dark Matter and Dark Sector Searches

Presenter: Marianna Safronova (University of Delaware) msafrono@udel.edu

Co-authors: J. C. Berengut, S. Brewer, D. Budker, J. R. Crespo López-Urrutia, A. Derevianko, V. 

V. Flambaum, E. Fuchs, R. Harnik, E. R. Hudson, A. M. Jayich, S. Kolkowitz, M. G. Kozlov, G. Lee, 

D. R. Leibrandt, R. Ozeri, A. Pálffy, G. Paz, E. Peik, G. Perez, P. O. Schmidt, T. Schumm, V. M. 

Shabaev, Y. Soreq, Y. Stadnik, A. Surzhykov, P. G. Thirolf, V. Vuletić, J. Ye, V. A. Yerokhin, J. Zupan

Collaboration: Australia, Austria, Germany, Israel, Japan, Russia, S. Korea, USA

Extraordinary improvement of 
precision of optical atomic clocks
1 second loss per 30 billion years!

Dark matter 
searches

Search for the violation 
of Lorentz invariance

Tests of the equivalence principle

Are fundamental constants constant?
Ultralight dark matter can cause variation of fundamental constants

αααααααα

Quantum sensor networks as exotic field 
telescopes for multi-messenger astronomy
arXiv:2002.04352 Image credit: NASA

Image credit: Jun Ye’s group

Nature 567, 204 (2019)

RMP 90, 025008 (2018)

Gravitational wave detection 
PRD 94, 124043 (2016)
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A number of beyond the SM theories proposed to solve various problems of the SM, such 
as the gauge hierarchy, the strong CP problem or the flavor puzzle, feature light new 
particles with masses well below the GeV scale and small couplings to the matter fields. 
This project presents a broad range of different experiments with atomic and nuclear  
clocks and other precision spectroscopy techniques to search for bosonic light dark matter 
and new force carriers. Develop new highly-charge ion and nuclear clocks & clock networks. 
Goal: improve sensitivity by at least 7 or more orders of magnitude (in coupling strength to 
SM) for broad range of DM masses.

Precision
RF3

Precision
RF3

Theory
TF6

Theory
TF6

FrontiersFrontiers

IF1
Quantum
Sensors

IF1
Quantum
Sensors

Cosmic
CF2

Searches for new force 
mediator with isotope 
shifts

arXiv:2004.11383
This project is a part of a rapidly developing field of precision atomic and molecular searches  
for physics beyond the standard model. ~30 LoI submitted. Recent review:  Search for new 
physics with atoms and molecules, Safronova et al., Rev. Mod. Phys. 90, 025008 (2018).

We hope to stimulate in the community broad interest in new possibilities of 
precision AMO searches for physics beyond the standard model.

Snowmass process goal: further develop collaborations with particle physics

Strong collaboration of atomic, molecular, and optical (AMO) physics and particle physics communities is 
essential for full realization of new opportunities presented by new quantum technologies.  



Thank you for your town hall contribution. 

The next speaker is Francesco Giovanni Celiberto
3D proton tomography at the EIC: TMD gluon 

distributions



Francesco Giovanni Celiberto 
HAS QCD Group,Università di Pavia & INFNGluon TMD PDFs: core sector of EIC studies 

Need for a flexible model, suited to pheno 

Unpolarized and polarized distributions

Motivation

! [A. Bacchetta, F.G.C., M. Radici, P. Taels [arXiv:2005.02288]]

 Twist-2 T-even gluon TMD PDFs 

 Small- and moderate-x effects

Status & prospects

 Twist-2 T-odd gluon TMD PDFs (Sivers, etc.) 

 Spin asyms: pseudodata & impact studies 

 Pheno support to small-x physics

3D proton tomography at the EIC: TMD gluon distributions



Thank you for your town hall contribution. 

The next speaker is Richard Talman
Colliding beam elastic pp and pd scattering to test T- 

and  P-violation



Colliding beam elastic pp and pd scattering to test T - and P -violation

R. Talman1 and N. N. Nikolaev2

1Laboratory for Elementary-Particle Physics, Cornell University, Ithaca NY, 14850, USA
2L.D. Landau Institute for Theoretical Physics, 142432 Chernogolovka, Russia
2Moscow Institute for Physics and Technology, 141700 Dolgoprudny, Russia

October 3, 20201 Goals

• Detect beyond Standard Model semi-strong T -violation in elastic pp or pd scattering ; suggested by Lee &
Wolfenstein, Prentki & Veltman, and Okun, to be a source of CP-violation. It still awaits the experimentum crucis

• Reduce elastic scattering pp and pd T-violating upper limits, currently a few percent, by more than an order of
magnitude

2 Method

• Use highly polarized beams in a CPEDM-proposed “EDM prototype” storage ring (with superimposed electric
and magnetic bending) for colliding beam (seemingly) elastic scattering measurement

• Measure below pion threshold elastic pp and pd scattering in (fixed-target-equivalent) 150 < E < 400MeV range

• Use JEDI-Juelich-developed (F. Abusaif et al., arXiv:1812.08535, 2019) long spin coherence time, spin-phase-
locked, pure-spin-state, polarized beams

• Final state detection is provided by stopping the scattered particles in azimuthally symmetric, polarization-sensitive
tracking chambers, with acceptance totaling 3⇡ sr

• High-e�ciency polarimetry is feasible only because both scattered particles can be detected and ranged out in
the same large aperture polarimeter, making collider experiments superior to fixed target experiments

• Analyzing powers of final-state, single-particle polarizations are sensitive to T -violation in double-spin observables

3 Anticipated performance

• Luminosity of 0.6 mb�1s�1 produces 108 clean elastic scatters per year

1



Thank you for your town hall contribution. 

The next speaker is Matthew Szydagis
Metastable Water: Breakthrough Technology for Dark 

Matter & Neutrinos
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Thank you for your town hall contribution. 

The next speaker is Karan Jani
A deci-Hz Gravitational-Wave Lunar Observatory for 

Cosmology



deci-Hz Lunar GW Observatory
Karan Jani (Vanderbilt University)

Science Goals: Unprecedented cosmological probe, calibration of Type Ia Supernovae,  
Dark Energy & Dark Matter measurements up to redshift ~10,   

Multi-wavelength tests of General Relativity & Neutron Star equation of state

Moon is an ideal place for GW astronomy  
- vacuum, seismically quiet,  

no environment or human noise,  
long-term base

@astrokpj

Snowmass LOI: Cosmic Frontiers-6,5,7,3



Thank you for your town hall contribution. 

The next speaker is Ferah Munshi
Testing SIDM with Realistic Galaxy Formation 

Simulations



“challenge” CDM+Baryons WDM+Baryons SIDM+Baryons

Bulge-less disk 
galaxies

The Cusp/Core 
Problem

Too Big to Fail

Missing Satellites

Missing Dwarfs

Diversity ? ? ?

There is no reason to favor CDM once you 
consider baryons (in small galaxies)

 1

CDM= cold dark matter, WDM= warm dark matter, SIDM= self-
interacting dark matter

Can we use galaxy formation simulations to predict an observable that favors a particular dark 
matter model?

Ferah Munshi (fdm@ou.edu), Alyson Brooks, Akaxia Cruz, Jordan Sligh

Observables we will be looking into:

1. Shapes of dwarf galaxies

2. The edge of galaxy formation- which halos 

host a galaxy?

3. Diversity of dwarf galaxies

All of predictions will be testable in the next 
10 years with Roman Space Telescope, 
Vera Rubin Observatory and JWST

SIDM CDM



Thank you for your town hall contribution. 

The next speaker is Ankur Agrawal
Superconducting Qubit Advantange for Dark Matter 

(SQuAD)
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6LJQDO�HQKDQFHPHQW�RI����FDQ�
EH�H[SHFWHG

3KRWRQ�QXPEHU�VSHFWUXP

:RUOG�OHDGLQJ�
VHQVLWLYLW\�ZLWK�
RQO\���VHFRQGV�
RI�LQWHJUDWLRQ�
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Thank you for your town hall contribution. 

The next speaker is Caterina Doglioni
Initiative for Dark Matter in Europe and beyond
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https://indico.cern.ch/e/iDMEu
https://www.appec.org/news/joint-ecfa-nupecc-appec-seminar
http://nupecc.org/jenaa/?display=eois


Thank you for your town hall contribution. 


